ABSTRACT Nilaparvata lugens (Stål) is a major rice pest in Asia. Paichongding is a novel neonicotinoid insecticide developed in 2008. The effects of this insecticide on life-table parameters and wing formation of N. lugens were examined in the laboratory. The results showed that paichongding could signiÞcantly reduce the fecundity of N. lugens, demonstrating further activity against this pest in addition to direct toxicity. The fecundity of N. lugens treated with LC 20 , LC 30 , LC 40 , and LC 50 of paichongding were 87.44, 79.63, 63.31, and 52.66% of the control, respectively. The relative Þtness values were 0.55, 0.41, 0.21, and 0.09, respectively, for LC 20 , LC 30 , LC 40 , and LC 50 paichongding treatments. Sublethal concentrations of paichongding showed signiÞcant induction of macropterous offspring, which would be one kind of coping mechanism of N. lugens response to insecticide stress.
the worldÕs population. More than 60% of the Chinese people are living with rice (Lou and Cheng 2011) . Brown Planthopper, Nilaparvata lugens (Stål), is a major insect pest of rice in Asia, causing substantial yield loss and inducing symptoms commonly named Ôhopper burnÕ. In China, outbreaks of N. lugens have occurred frequently in recent years (Gao et al. 2006) . Wing polymorphism in this insect is a common and ecologically important trait. Adults of N. lugens have two different forms, brachypterous and macropterous. Macropterous adults possess long-distance migration ability, which creating difÞculties in controlling N. lugens (Syobu et al. 2002 , Huang et al. 2003 .
Chemical control is still the main means of N. lugens management (Endo and Tsurumachi 2001, Yoo et al. 2002) . N. lugens is a classical insecticide-induced resurgent pest whose degree of damage is positively correlated to insecticide use (Chelliah and Heinrichs 1980, Heinrichs and Mochida 1984) . The escalating use of insecticides to control N. lugens has led to the development of resistant pest populations Morita 1974, Hirai 1993) . For example, continuous use of imidacloprid has resulted in a gradual decrease of efÞcacy against N. lugens, with the resistance levels increased from 200-to 799-fold compared with the susceptible strain (Wang et al. 2009 ).
The effective concentrations become sublethal concentrations because of poor spray coverage, resistance development or the decrease of residuals after insecticides application that affect activity, appetite, foraging behavior, and fecundity of target insects (Wang et al. 2008b) . Some researchers suggested that sublethal concentrations of insecticides might induce pest outbreaks in the Þeld (Tripathi and Sachan 1990) . For example, organochlorine and organophosphorus insecticides have been shown to cause aphid resurgence when residues reach a sublethal level (Bartlett 1968) . Sublethal concentrations of some insecticides have been reported in stimulating growth and productivity of N. lugens (Reissig et al. 1982 , Zhang et al. 2010a . Increased survival and reproductive ability in M. persicae were also observed after treatment with sublethal concentrations of imidacloprid and azadirachtin (Wang et al. 2008a , Cutler et al. 2009 ). However, others argued that sublethal concentrations could contribute to pest control. For example, the fecundity of female cockroaches treated with deltamethrin and propoxure decreases with increasing sublethal doses of both insecticides (Lee et al. 1998) . The longevity and fecundity of the pea aphid, Acyrthosiphon pisum (Harris) were signiÞcantly reduced by sublethal concentrations of azadirachtin (Stark and Rangus 1994) .
Dicyclic nitromethylene neonicotinoid with cisconÞguration, 1-[(6-Chloropyridin-3-yl) methyl]-7-methyl-8-nitro-5-propoxy-1, 2, 3, 5, 6, 7-hexahydroimidazo [1, 2-␣] pyridine named paichongding, exhibited higher insecticidal activities than imidacloprid (Li et al. 2009 ). Paichongding has low mammalian toxicity, high insecticidal activities, and broad spectrum to insect pest species, especially to sucking insect pests such as N. lugens and aphids. It is considered to be an ideal insecticide for the control of N. lugens (Li et al. 2009 ). However, little knowledge exists regarding the effects of ecological characteristics of paichongding on rice-feeding insects, especially major agricultural pest N. lugens.
There are many previous articles on sublethal effects of some insecticides on fecundity and wing formation (Chelliah et al. 1980 , Heinrichs and Mochida 1984 , Krishnaiah and Kalode 1987 , Bao et al. 2009 ), but these pesticides will be gradually replaced by new effective insecticides because of the resistance development of N. lugens. The present article sets out a detailed study on sublethal concentrations of paichongding on life-table parameters and wing formation of N. lugens in an attempt to understand the changes of insect Þtness, which will be favorable for evaluating the potential of paichongding in N. lugens control.
Materials and Methods
Insects and Insecticides. A susceptible strain of N. lugens were obtained from a stock population maintained at the Guangdong Academy of Agricultural Sciences (Guangzhou, China) and has been maintained with rice seedlings at (28 Ϯ 0.5)ЊC, relative humidity (RH) (70 Ϯ 5)%, and a photoperiod of 14:10 (L:D) h for Ͼ3 yr at the Institute of Entomology, Sun Yat-Sen University, Guangzhou, China, without any exposure to insecticide. N. lugens nymphs and macropterous adults of 3 d old were used as test insects in this study. Paichongding (10% SC) was purchased from Jiang Su Kesheng Group Co., Ltd. (Jiangsu, China).
Bioassay. A bioassay was undertaken using the ricestem dipping method (Zhuang et al. 1999 , Wang et al. 2008b . Paichongding was diluted in distilled water to Þve concentrations (3.2, 1.6, 0.8, 0.4, and 0.2 mg/liter). Rice plants (Ϸ60 d) at tillering phase were collected. Rice stems with roots were cut and washed thoroughly, and then air dried to remove residual water. Three rice stems were grouped and dipped into paichongding solution treatments for 30 s. After the rice stems were dried, moistened sponges were used to wrap the rice roots. The treated rice stems were placed into a 500 ml plastic cup. Sixty Þfth nymphs or macropterous adults (males or females) were introduced into a plastic cup using a vacuum device. Distilled water treatment was used as control. Both control and insecticide treatments were replicated Þve times. Mortality was recorded in interval of 12 h. The treated insects were maintained at 28 Ϯ 0.5ЊC, RH (70 Ϯ 5)%, and a photoperiod of 14:10 (L:D) h. Individuals were considered dead if they showed no response after being gently prodded with a Þne brush.
Sublethal Effects of Paichongding on Life- Table  Parameters Liu and Han (2006) . One hundred neonates were collected randomly from each family as founders of the experimental population and reared at 28 Ϯ 0.5ЊC and a photoperiod of 14:10 [L:D]. The hoppers were transferred to rearing cages after the neonates developed into third and Þfth nymphs, the Su1 (survival rate from neonates to third nymphs) and Su2 (survival rate from fourth to Þfth nymphs) were recorded. The emerged males and females were paired and reared in glass tubes separately. Ten families for the control and paichongding treatment were established. Meanwhile, the emergence rate (Er) and female ratio (Fr) were recorded. When neonates of the new generation appeared, the neonates were counted and removed until the female adults died. The fed rice shoots were inspected thoroughly, and the numbers of unhatched eggs were recorded. Females with no producing eggs were regarded as failure in copulation, and the copulation rate was recorded (Cr). The number of eggs produced by the copulated females was recorded as fecundity (Fy), and the hatchability (Hy) was calculated as (total neonates)/(total neonates plus all unhatched eggs). The population growth index (I) was calculated as follows: Data Analysis. All data were analyzed by SPSS, version 17.0 (SPSS, Chicago, IL), and the sublethal concentration values were determined by probit analysis. SigniÞcant differences between paichongding treatments and control were determined by using studentÕs t-test and least signiÞcant difference (LSD) test (P Ͻ 0.05). 40 , and LC 50 ) respectively, while population increased 112.04 time in control. The survival rate from neonates to third nymphs (Su1) and from fourth to Þfth nymphs (Su2) of paichongding treatments were signiÞcantly lower than those of control (P Ͻ 0.05). Sublethal concentrations of paichongding also reduced emergence rate of N. lugens (P Ͻ 0.05).
Results

Relative
Sublethal concentrations of paichongding signiÞ-cantly decreased reproduction ability of N. lugens except LC 20 (Table 2 ). The percentages of macropterous females and males in control were significantly different (P Ͻ 0.05) from those treated with paichongding. The percentages of macropterous females and males were 1.64-and 1.55-fold, 2.10-and 1.84-fold those of the control groups in LC 30 and LC 50 treatment families, respectively. Sublethal concentrations of paichongding increased the percentages of macropterous females and males.
Discussion
Generally, pesticides are effective only in the early period after their introduction and may result in a further pest outbreak at a later period (Seno 2008) . The direct, hormoligosis, sublethal effect of some insecticides is one of mechanisms of pest resurgence (Jones and Parella 1984 , Trichilo and Wilson 1993 , Hardin et al. 1995 , James and Price 2002 , Cutler et al. 2009 ). Increased fecundity and reproduction in several pests after exposure to sublethal concentration of insecticides have been reported (Zanuncio et al. 2003 , Cutler et al. 2005 . Insect pest resurgence induced by sublethal effect of insecticides could cause additional pesticide treatments and potentially exacerbating insecticide resistance development.
In the current study, copulation rate and fecundity of N. lugens were signiÞcantly decreased after treatment with sublethal concentrations of paichongding. fecundity in macropterous families, which decreased in imidacloprid and dinotefuran, but increased in triazophos and fenvalerate. However, stimulation of insect fecundity induced by sublethal concentrations of insecticides is a common phenomenon, particularly in Homopteran insects and mites (Ge et al. 2010) . A resurgence of N. lugens after treatment of rice plants with methyl parathion and deltamethrin was reported (Chelliah and Heinrichs 1980 , Chelliah et al. 1980 , Heinrichs and Mochida 1984 . Monocrotophos and phosphamidon at sublethal concentrations (0.02%) resulted in two-to seven-fold increase in N. lugens populations (Krishnaiah and Kalode 1987) . Our results suggest that paichongding could act as an effective alternative to conventional insecticides in the control of N. lugens.
Insect migration plays an important role in recurrent outbreaks because of the beneÞt of varying environments (Ma 1982) . Macropterous adults of N. lugens possesses long-distance migratory ability. The reproduction ability of N. lugens signiÞcantly increases after long-distance migration (Shen and Cheng 1998) . Outbreaks of N. lugens were related to the number of immigrant insects in combination with several ecological factors. Some factors such as light, humidity, temperature were reported with certain effects on the wing formation of N. lugens (Bertuso et al. 2002 , Syobu et al. 2002 . However, in our research, paichongding signiÞcantly increased the percentages of macropterous offspring of N. lugens. Previous studies also indicated that a higher percentage of macropterous or winged offspring of N. lugens and some other insect pests was induced by many insecticides. For example, the percentages of macropterous females and males were increased after treatment with sublethal concentrations of imidacloprid and dinotefuran (Bao et al. 2009 ). In cotton aphids, a sublethal dose of imidacloprid has also been observed to induce winged (alate) offspring (Conway et al. 2003) . LC 30 concentration of nitenpyram showed signiÞcant induction of macropterous adults in both macropterous and brachypterous families (Zhang et al. 2010b) . Sublethal concentrations of imidacloprid and fenvalerate signiÞcantly increased the percentage of alate progeny of the green peach aphid (Wang et al. 2008b) . Pesticide is a negative density-independent factor to insect population. Thus exposure to pesticides is a stress similar to other environmental stresses which may induce the macropterous progeny of N. lugens. When sublethal concentrations of insecticides induce macropterous adults, the proportion of the population possessing long-distance migration ability would increase and reproduce offspring in newly colonized areas, which create difÞculties in controlling this pest. Additionally, the macropterous adults induced by insecticides could cause inexact prediction of pest incidence and ineffective control. If the migrant populations show resistance to some insecticides, and farmers are unaware of this, the recommended insecticide concentration previously used may only be sublethal and increases the pest problem (Bao et al. 2009 , Zhang et al. 2010b ).
The induction of macropterous progeny in N. lugens might be caused by the insecticide acting on the endocrine system in a manner similar to that of the precocenes (Ayoade et al. 1996 , Hardie et al. 1996 . It was reported that juvenile hormone (JH) plays an important role in insect metamorphosis, including wing formation in N. lugens (Bertuso and Tojo 2002, Bertuso et al. 2002) . JH was synthesized and released from the corpora allata (CA) endocrine glands, and recent studies indicated that channels and receptors occur in insect CA cell membranes and mediate JH synthesis (Chiang et al. 2002 , Liu et al. 2005 . Some pesticides could target these membrane channels or receptors and affect JH synthesis and eventually inßuence wing formation (Cully et al. 2002) . Paichongding may similarly have an effect on insect JH synthesis and result in effects on wing formation, the detailed mechanism of which should be investigated further in the future.
